Abstract
INTRODUCTION
Colonoscopy is necessary for the diagnosis of colorectal cancer (CRC) and for the diagnosis and treatment of its precancerous lesions. The guidelines of the American Gastroenterological Association recommend that adults of ≥ 50 years of age should undergo colonoscopy every 10 years for the early detection of CRC [1] . Colonoscopy inevitably requires bowel preparation, which is sometimes burdensome to patients. At almost all institutions in Japan, electrolyte solutions containing polyethylene glycol (PEG) are used as a purgative for preparation. The agent is an isotonic and nonabsorbable solution. In Japan, the intake of 2 L of PEG is usually recommended for preparation. However, this amount is sometimes insufficient and a greater volume is required for some patients [2, 3] . Another problem associated with the solution is that its unique flavor and taste are not tolerated by some patients.
Sodium phosphate (NaP) tablets (Visiclear, Zeria Pharmaceutical, Tokyo, Japan) were commercially approved as a laxative for bowel preparation in Japan in 2007. One tablet contains sodium phosphate monobasic monohydrate (734.7 mg) and sodium phosphate dibasic anhydrous (265.3 mg) for a total of 1.0 g of sodium phosphate per tablet. NaP is an osmotic laxative, which works by drawing fluids into the intestinal canal. Patients can take NaP tablets with clear liquids such as water or tea. The recommended dose for bowel preparation is 50 tablets with 2 L of clear liquid (5 NaP tablets with 200 mL of clear liquid every 15 min).
Several reports have compared the tolerability and cleansing efficacy between PEG and NaP tablets [4] [5] [6] [7] [8] .
One report comparing 2 L of PEG to 50 NaP tablets with 2 L of clear liquid showed no difference in the bowel cleansing quality of the two solutions. In addition, 50 NaP tablets was found to be more tolerable than 2 L of PEG [6] . Another report compared 2 L of PEG to 30 NaP tablets with 1.2 L of clear liquid, and found that the bowel cleansing achieved with the tablets was of equivalent quality to 2 L of PEG and that the tablets were more tolerable [9] . However, NaP tablets are relatively large (16.0 mm × 8.0 mm × 6.5 mm), and taking 5 tablets with 200 mL clear liquid at one time may be difficult for some patients. In this regard, it was considered that reducing the number of NaP tablets taken with the determined amount of liquid might improve the tolerability of the preparation without impairing the quality of bowel cleansing. In fact, a report compared 30 NaP tablets with 2 L of clear liquid and 50 NaP tablets with 2 L of clear liquid [10] , and found no difference in the tolerability or quality of bowel cleansing achieved with these preparations.
Thus, the present study was performed to compare the bowel cleansing quality and tolerability of 30 NaP tablets with 2 L of clear liquid in comparison to 2 L of PEG.
MATERIALS AND METHODS

Study design
This single-center, prospective, randomized study was conducted at Tsuyama Chuo Hospital in Japan from August 2012 to August 2013, and was approved by the ethics committee of the hospital. The study was performed in accordance with the Declaration of Helsinki and was registered in the University Hospital Medical Information Network (UMIN) Clinical Trials Registry (UMIN000023529). Written informed consent was obtained from all of the patients prior to enrollment.
Consecutive subjects who ranged from 20 to 64 years of age and who were scheduled for colonoscopy were invited to participate in this study. The exclusion criteria were as follows: < 20 years of age, > 64 years of age, the presence of bowel obstruction, renal failure, uncontrollable hypertension, and hypersensitivity to PEG or NaP. On the day of colonoscopy, the patients were allocated to either receive NaP or PEG as a laxative by the envelope method.
Bowel preparation
The patients of both groups were asked to drink clear liquid alone after dinner on the day before colonoscopy -other dietary restrictions were not required. They received 20 mL of 0.75% sodium picosulfate (Laxoberon; Teijin Pharma Co, Ltd, Tokyo, Japan) at 8 p.m. on the previous night and 2 metoclopramide (10 mg) tablets (Primperan, Astellas Pharma Inc., Tokyo, Japan) on the morning of the procedure. All of the patients took bowel preparation solutions (PEG or NaP) in the preparation room of the hospital. In the PEG group, the patients were asked to drink 2 L of PEG (NIFLEC, EA Pharma Co., Ltd, Japan) within approximately 2 h on the morning of the procedure. In the NaP group, the patients were asked to take 30 NaP tablets with 2 L of water/tea (3 tablets every 10 min with 200 mL water). After finishing the requested solution, a nurse checked whether the patient's stool had become transparent. If the stool was not sufficiently transparent to perform colonoscopy, the patients were asked to take an additional amount of the assigned solution.
Colonoscopy
After bowel preparation, the patients were placed in the left lateral decubitus position at the start of colonoscopy. Their blood pressure, pulse rate and oxygen saturation were continuously monitored during the procedure. No patients received anesthesia. Scopolamine butylbromide (10 mg; Buscopan, Nippon Boehringer Ingelheim, Tokyo, Japan) or glucagon (1 mg) was intravenously injected to suppress intestinal spasms. The colonoscopists were blinded to the results of the preparation that the patients had received. The duration of insertion into the cecum was measured. The observation time from the cecum to the anus was also measured.
Tolerability and quality of bowel cleansing
Tolerability was assessed by a questionnaire that was issued to the patients. After the completion of the purgative, a questionnaire was administered to assess the taste, volume, and overall impression of the ingested solution on a 4-grade scale (easily acceptable, relatively acceptable, relatively unacceptable, or unacceptable). The quality of bowel cleansing was evaluated by colonoscopists. After finishing the procedure, the colonoscopists assessed the effectiveness of the colon preparation in each of the following segments: the cecum, ascending colon, transverse colon, descending colon, sigmoid colon, and rectum. In addition, the overall status of cleanliness throughout the colorectum was evaluated. The evaluation used a 4-grade scale: good (no residual feces), fair (a small amount residual feces that could be removed via suction through the endoscope channel), poor (a moderate amount residual feces that could not be removed easily but which did not affect the accuracy of the observation) and inadequate (a large amount of residual feces that significantly affected the observation).
Subgroup analysis
Subgroup analyses, stratified by sex and age (< 50 years of age and ≥ 50 years of age) were also performed to investigate the tolerability and quality of cleansing in order to identify the optimal targets for each laxative.
Sample size estimation
The sample size was calculated based on the noninferiority of the cleansing quality of reduced NaP tablets in comparison to 2 L of PEG. We defined "good" and "fair" as successful bowel preparation, and assumed a success rate of 95% in both arms, with a 15% non-inferiority margin, α = 0.05, and β = 0.2. Thus, 84 patients were required in each group. Accordingly, we set the sample size as 100 patients per group.
Statistical analysis
All of the statistical analyses were performed using the JMP 11.0 software program (SAS Institute, Cary, NC, United States). The age, sex, body mass index, history of abdominal surgery, stool frequency, and indications for colonoscopy in the two groups were comparable.
The χ 2 test, Fisher's exact test and Student's t-test were used as appropriate for the statistical analyses. The Mann-Whitney test was performed to compare the insertion time and observation time between the groups. All of the P values were two tailed. P values of < 0.05 were considered to indicate statistical significance.
RESULTS
Patient characteristics
A total of 200 patients were invited to participate in the present study. Five patients withdrew from the study, and 2 patients did not come the hospital on the day of the procedure due to personal reasons ( Figure 1) . Finally, 193 patients (PEG group, n = 98; NaP group, n = 95) were included in this trial. The characteristics of the patients are summarized in Table 1 . A significantly higher percentage of patients in the NaP group had previously undergone colonoscopy [53 (56%) vs 38 (39%), P = 0.02].
Tolerability of PEG vs NaP
In both groups, all of the patients were able to take the required amount of solution. The patients in the NaP group more frequently required additional solution observed in nearly all of the colonic segments ( Figure 4 ).
Subgroup analysis
Among male patients, the indexes of tolerability did not differ to a statistically significant extent between the PEG and NaP groups, regardless of age (Table 2) . Furthermore, the quality of bowel cleansing in the two groups did not differ to a statistically significant extent (Table 3) . On the other hand, NaP was more acceptable than PEG to female patients of < 50 years of age (taste and overall impression, P = 0.01 and P < 0.01, respectively), and there was no significant difference in the quality of bowel cleansing (P = 0.07) ( Table 2 ). In female patients of ≥ 50 years of age, although the tolerability of the laxatives did not differ to a statistically significant extent, PEG achieved a better quality of bowel cleansing (P < 0.01) ( Table 3) .
Insertion time
The insertion time and observation time in the PEG and NaP groups did not differ to a statistically significant extent (7 min vs 8 min, P = 0.3, and 10 min vs 9 min, P = 0.96, respectively).
DISCUSSION
Colonoscopy plays an important role in the detection or diagnosis of CRC, the incidence of which has been increasing. However, the bowel preparation for colonoscopy probably hampers the ability of some subjects to undergo the procedure because of its unpleasant taste and volume. In particular, the unique flavor and taste of the PEG-containing electrolyte solution, which has been widely used in preparation for colonoscopy in Japan, is not tolerated by some patients.
NaP tablets were developed in order to improve the flavor and taste associated with other solutions, such as PEG. In this regard, NaP tablets are tasteless. In addition, NaP tablets can be taken with clear than those in the PEG group [16 (17%) vs 5 (5%), P = 0.01]. The amount of additional solution required in each of the groups was 200-800 mL, and did not differ to a statistically significant extent (P = 0.40).
The tolerability of each laxative is shown in Figure  2 . NaP was better tolerated than PEG in the indexes of taste, volume, and overall impression (easy + relatively easy: 73.6% vs 51.1%, P < 0.01; 73.7% vs 47.9%, P < 0.01; and 80.0% vs 65.3%, P = 0.02, respectively).
Bowel cleansing by PEG vs NaP
Colonoscopic observation from the rectum to the cecum was accomplished in all patients of both groups. The overall quality of bowel cleansing in the PEG group was better than that in the NaP group (good: 73.5% vs 49.5%, P < 0.01); however, the percentage of cases that were rated as "poor" were equivalently small and no cases were regarded as "inadequate" (Figure  3 ). Similar differences in the preparation quality were liquid such as water or tea, which may make bowel preparation easier. The original NaP tablets contained microcrystalline cellulose (MCC), which remained in the colon after lavage and hampered endoscopic observation. A recently developed MCC-free product, which was used in the present study, has resolved the problem.
In the current study, we compared the tolerability and cleansing quality of low-dose NaP tablets to PEG. The results showed that low-dose NaP tablets with 2 L of clear liquid was superior to 2 L PEG from the viewpoint of patient tolerability. In contrast, PEG achieved a better cleansing quality. In particular, in the PEG group the cleansing quality was rated as "good" significantly more frequently. These results suggest that low-dose NaP should not be routinely applied to subjects undergoing colonoscopy. However, because the insertion time and observation time did not differ to a statistically significant extent, low-dose NaP may be allowable in certain situations.
A previous report compared the tolerability and quality of 30 NaP tablets with 1. Figure 2 Tolerability of each laxative. There were significant differences between the polyethylene glycol (PEG) group and sodium phosphate (NaP) group in the indexes of taste, volume and overall impression (P < 0.01, P < 0.01, and P = 0.02, respectively). The P values were calculated by Fisher's exact test.
L of PEG [9] . In that study, the tolerability of NaP was also superior to that of PEG. In contrast, no significant difference was observed in the quality of bowel cleansing. Several factors may be associated with this discrepancy. Firstly, the patients in the present study took 2 L of liquid with 30 NaP tablets, whereas the patients in the previous study took 1.2 L of liquid with 30 NaP tablets. The osmotic pressure attained by 30 tablets with 1.2 L of clear liquid would be approximately 335 mOsm, which would draw extracellular fluid into the bowel and promote bowel cleansing. In contrast, the osmotic pressure established by 30 tablets with Figure 3 Comparison of bowel cleansing quality. The overall quality of bowel cleansing in the polyethylene glycol (PEG) group was found to be better than that in the sodium phosphate (NaP) group (P < 0.01). No cases were considered inadequate in either group. The P value was calculated by Fisher's exact test.
Ako S et al . Single center prospective study Table 3 Subgroup analysis for the quality of bowel cleansing 2 L clear liquid may be lower, resulting in the inability to keep water in the intestinal canal. The low osmotic pressure in the bowel might have worsened the bowel cleansing quality in our patients. The fact that the patients in the NaP group required additional preparation more frequently than the patients in the PEG group may support this hypothesis. It is also possible that the characteristics of our patients affected the results. The ratio of female patients in our study was higher than that in the previous study (58% vs 43%). The subgroup analysis in the present study showed that the bowel cleansing quality of PEG was significantly better than that of NaP in female patients, particularly in female patients of ≥ 50 years of age. In contrast, the preparations achieved similar effects in male patients. Thus, the larger proportion of female patients might have affected the evaluation of cleanliness.
Another study comparing the performance of 30 NaP tablets with 2 L of water to the performance of 50 NaP tablets with 2 L of water showed no significant difference in cleansing efficacy [10] . In that study, the patients who were allocated to the 30-tablet group took sodium picosulfate the night before the procedure, while the other group did not. Sodium picosulfate promotes the peristalsis of the intestines and defecation. In our study, the patients in both groups took the same volume of sodium picosulfate. The bowel cleansing quality of NaP might be augmented by sodium picosulfate.
In the present study, the results of the subgroup analysis stratified by age and gender deserve mention. In the subgroup analysis, there were no significant differences in the tolerability or quality of bowel preparation among male patients of any age. In this regard, men could choose the bowel preparation that they preferred. In female patients of < 50 years of age, NaP was better tolerated than PEG, and the cleansing quality of the two preparations did not differ to a statistically significant extent. Thus, NaP is suitable for female patients of < 50 years of age. In contrast, PEG should be recommended for female patients of ≥ 50 years of age because of its comparable tolerability and definite superiority in terms of cleansing quality. In the present study, all of the patients were ≤ 64 years of age due to safety concerns in relation to NaP. NaP is associated with the potential risk of electrolyte and renal impairment [11, 12] . The age limits for this preparation have not been defined; however, one study suggested that NaP should be used for patients younger than 55 years of age who have a normal renal function [13] . In addition, our subgroup analysis indicated that the use of NaP by elderly patients had little merit. Thus, PEG should be used for such patients due to its safety and efficacy.
The present study is associated with some limitations. Firstly, it was a single center and single-blinded trial. Although a double-blinded trial would be difficult to implement in this type of study, multicenter trials may lead to more reliable data and recommendations. The unbalanced proportion of patients with a history of colonoscopy might have also been a problem because those who had previously undergone colonoscopy could compare their experience with the previous procedure. Finally, it might be more practical to compare lesion detection rates between laxatives. However, because the patients enrolled in this study were younger than 65 years of age, few patients had lesions.
The results of the present study indicated that bowel preparation with reduced-dose NaP tablets was better tolerated but achieved lower quality bowel cleansing in comparison to the usual dose of PEG. The use of 30 NaP tablets with 2 L of clear water or tea should be limited. However, in specific situations, the regimen may deserve consideration, particularly for young female patients.
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Background
Colonoscopy inevitably requires bowel preparation, which is sometimes burdensome to patients. At almost all institutions in Japan, electrolyte solutions containing polyethylene glycol (PEG) or Sodium phosphate (NaP) tablets are used as a purgative for preparation. Several reports have compared the tolerability and cleansing efficacy between 2L PEG and standard-dose NaP tablets. However, the efficiency of reduced NaP tablets is not well studied.
Research frontiers
This study demonstrates prospective clinical outcomes. The authors directly compared the tolerability and bowel cleansing quality between 2L PEG and reduced NaP tablets.
Innovations and breakthroughs
The authors set the dose of NaP tablets to 30 tablets with 2L of clear liquid. There are no report which compared reduced NaP tablets with 2L of clear liquid to 2L of PEG. 
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